In this study, the calculation process of extended Kalman filter is introduced and applied to structural parameter identification. Two linear time-invariant parameters of natural frequencies and damping ratios are identified by a linear single-degree-of-freedom structural numerical simulation, and the effects of different integral methods, different time steps and different Gauss noise levels of structural parameter detection results are discussed. The numerical simulations indicate that it is necessary to select the appropriate integral method to identify the structural damping ratio, estimation precision is increased as the time step decreases and Gauss noise has a significant influence to damping ratios identification while it has litter influence on natural frequencies detect.
Introduction
Structural damage identification is an important task in the field of structural health monitoring. Structural system parameters such as physical parameters (mass, stiffness, damping, etc.) or modal parameters (frequency, mode shape, etc.) can reflect the state of the structure. Therefore, the change of structural parameters is usually used as a sign of damage identification to judge the location and extent of damage [1] . The extended Kalman filter algorithm [2] is based on the iterative characteristics of each step of observation data, and is suitable for online parameter identification and damage diagnosis. Therefore, it is widely used in parameter identification of structural health monitoring [3] . Hao-xiang He [4] et al. used the excitation method of hammering to generate free vibration to carry out the continuous beam bridge extended Kalman filter online damage identification method. The numerical analysis showed that the method can identify the stiffness and damping physical parameters at different locations. Ying Lei [5] et al. used the combination of static condensation and extended Kalman filter algorithm to identify the damage location of beam-column joints under earthquake action accurately. Fu-jian Zhang [6] et al. proposed a vehicle load and parameter identification method of a cable-stayed bridge based on cable-stayed vibration monitoring. The paper used the extended Kalman filter method to propose the vehicle weight recognition of known vehicle speed and bridge time. The method was verified by numerical simulation with the Nanjing Yangtze River Third Bridge as the background. Bo-yu Zhao [7] et al. used the extended Kalman filter algorithm to simulate a single-degree-of-freedom structure. By measuring the displacement response, the structural parameters were accurately identified. What's more, the vibration table was loaded three times so that the model of the seismic simulation vibration table was identified by measuring the displacement of the vibrating table. Cheng-xiang Yang [8] et al. regarded the rock rheological model parameters as the state estimator of a stochastic process based on the extended Kalman filter algorithm. The Kalman filter equation of the structural response was used for parameter identification. Taking the uniaxial compression creep test of the rock soft clay of the Goupitan Hydropower Station as an example, the relevant parameters of the generalized Kelvin model were identified, and the method had good recognition accuracy. Based on extended Kalman filter, a scouring monitoring method was proposed in the literature [9] . The method took advantage of the time history response of the structural model to monitor the scouring depth with good recognition accuracy.
In summary, the application of damage identification based on Kalman filter algorithm in civil engineering is relatively mature. In view of this, this paper identifies the natural vibration frequency and damping ratio of the single-degree-of-freedom structure based on the extended Kalman filter algorithm, and compares the recognition accuracy under the different numerical integration methods, different time steps and different noise interference.
Extended Kalman Filtering
Nonlinear system dynamic equations can be expressed as Equation (1) and (2).
( )
Among them, Equation (1) is called the state equation, and Equation (2) is called the observation equation, k w is the process noise and v is the observed noise.
The extended Kalman filter estimation formula of the system state is obtained by linearizing the Kalman filter estimation points.
State prediction is shown in Equation (3).
Error covariance prediction equation is Equation (4).
Gain matrix is shown in Equation (5).
State filter equation is shown in Equation (6).
Error covariance filter equation is shown in Equation (7).
Where Q is the covariance matrix of the system noise; R is the covariance matrix of the observed noise;
Single-degree-of-freedom (SDOF) Linear Structure Parameter Identification
A single-degree-of-freedom linear structure is excited by seismic acceleration g  , the equation of motion can be expressed as Equation (11).
y , y  and y  are the displacement, velocity, and acceleration responses of the structure relative to the ground, respectively, m , c and k is the mass, damping, and stiffness, respectively. According to the natural frequency k m ω = and damping ratio 2 c m ζ ω = , Equation (1) can be expressed as Equation (12). 
The absolute acceleration of the structure is obtained by adding the seismic acceleration excitation and the acceleration of the structure to the ground as the observed quantity, shown in Equation (13). (14)- (17).
( ) γ β = = , time step is 0.02s ), the SDOF structure is simulated by the Hanshin seismic wave, and the displacement response curve, velocity response curve and acceleration response curve of the single-degree-of-freedom structure are respectively shown in Figure 2 . It can be seen from the observation Equation (14) that different integration methods will affect the recognition result. This section is based on the extended Kalman filter algorithm, which uses noiseless observations to identify the natural frequency and damping ratio of the structure. The effects of rectangular integral, trapezoidal integral and fourth-order Runge-Kutta integral on parameter identification results are compared.
Assume The self-vibration frequency and damping ratio parameters of the single-degree-of-freedom structure are identified by the above three numerical integrations. The identification curve is shown in Figure 3 . The identification results of the natural vibration frequency are shown in Table 1 . The identification results of the damping ratio are shown in Table 2 . The results show that the three numerical integration methods have a very good recognition result of the natural vibration frequency of the structure with a time step of 0.02 s. The maximum relative error is only 0.4733%. The recognition result of the damping ratio by the trapezoidal integral and the fourth-order Runge-Kutta integral is very good while the recognition result of the damping ratio under the rectangular integral is very poor by which method the error is as high as 119.4%. It can be seen that different numerical integrals have a significant influence on the parameter identification of the structure, and it is very important to select an appropriate integration method. 
The Influence of Different Time Steps on the Recognition Results.
From the observation Equation (14), it can be seen that different integral steps will affect the recognition results. Increasing the time step may lead to too much recognition error, but if the time step is too short, it will cost a lot of computation time. Therefore, in order to obtain good precision of parameter identification, it is necessary to choose the appropriate time step. In this section, the parameters of a single degree of freedom structure is identified by changing the time step of the observation equation and the identification accuracy of the vibration frequency and damping ratio of the structure under the condition of rectangular integral without noise and under different time steps are studied.
The natural frequency and damping ratio identification curves of the single degree of freedom structure at different time steps are shown in Figure 4 . The identification result of the natural frequency is shown in Table 3 . The identification result of the damping ratio is shown in Table 4 . It can be found that the recognition accuracy of both the vibration frequency and the damping ratio are improved with the decrease of the time step. Compared with the recognition result of the natural frequency, the identification result of the damping ratio is more sensitive to the time steps. When the time step is larger than 0.005s, the error of the recognition results of the damping ration is too large and it cannot meet the requirements of the engineering practice. Therefore, for the identification of the natural frequency, the time step is proposed to be 0.02s, and for the identification of the damping ratio, the time step is suggested to be 0.0005s. 
The Influence of Different Gaussian Noise Levels on Recognition Results.
Since the observation process will be interfered by external factors, the presence of noise will have a certain impact on the identification accuracy of structural parameters. In view of this, in this section, extended Kalman filter algorithm and the fourth-order Runge-Kutta numerical integration are used, Gaussian noise with different levels is added in the observation data, and the influence of different Gaussian noise levels on a single degree of freedom linear structure is studied.
The identification curves of the natural frequency and damping ratio of the single degree of freedom structure under different Gaussian noise levels are shown in Figure 5 . The recognition results of the natural frequency are shown in Table 5 . The identification results of the damping ratio are shown in Table 6 . The results show that the recognition accuracy of natural frequency and damping ratio decreases with the increase of Gaussian noise level, and the influence of Gaussian noise on the identification of damping ratio is more significant. Under the 10% RMS Gaussian noise level, the recognition result of the natural frequency remains the same, the recognition error is only 0.085%. It can be seen that the Gaussian noise has little influence on the identification of the natural frequency. Under the 10% RMS Gaussian noise level, the recognition result of the damping ratio is poor, and the percent error of identification is 8.8%. It can be seen that Gaussian noise has certain influence on the identification of structural parameters, especially for the damping ratio. 
Conclusions
In this paper, the natural frequency and damping ratio of the structure are the identification parameters, and the linear structure of a single degree of freedom structure is identified based on extended Kalman filter. The effects of integration method, time steps and noise levels on parameters identification are systematically discussed. The main conclusions are drawn.
(1) Different integration methods have little effect on the recognition accuracy of the natural frequency of the single degree of freedom structure, but have a great influence on the recognition accuracy of the damping ratio. It is recommended to use the fourth-order Runge-Kutta integral method for the identification of natural frequency and damping ratio of the single degree of freedom structure.
(2) The time step has a great influence on the identification accuracy of structural parameters. The recognition accuracy of natural frequency and damping ratio has a tendency to decrease with time steps decrease. When the damping ratio of the structure is identified, it is recommended that the selected time step is less than 0.0005s; (3) Gaussian noise will have a negative effect on the identification of structural parameters. Gaussian noise has a more significant influence on the identification of damping ratio than the natural frequency identification of the structure.
